Local UV-bright galaxies in the Kiso survey include clumpy systems with kpc-size star complexes that resemble clumpy young galaxies in surveys at high redshift. We compare clump masses and underlying disks in several dozen galaxies from each of these surveys to the star complexes and disks of normal spirals. Photometry and spectroscopy for the Kiso and spiral sample come from the Sloan Digital Sky Survey. We find that the largest Kiso clumpy galaxies resemble UDF clumpies in terms of the star formation rates, clump masses, and clump surface densities. Clump masses and surface densities in normal spirals are smaller. If the clump masses are proportional to the turbulent Jeans mass in the interstellar medium, then for the most luminous galaxies in the sequence of normal:Kiso:UDF, the turbulent speeds and surface densities increase in the proportions 1.0:4.7:5.0 and 1.0:4.0:5.1, respectively, for fixed restframe B-band absolute magnitude. For the least luminous galaxies in the overlapping magnitude range, the turbulent speed and surface density trends are 1.0:2.7:7.4 and 1.0:1.4:3.0, respectively. We also find that while all three types have radially decreasing disk intensities when measured with ellipse-fit azimuthal averages, the average profiles are more irregular for UDF clumpies (which are viewed in their restframe UV) than for Kiso galaxies (viewed at g-band), and major axis intensity scans are even more irregular for the UDF than Kiso galaxies. Local clumpy galaxies in the Kiso survey appear to be intermediate between UDF clumpies and normal spirals.
Introduction
Disk galaxies at increasing redshift become more irregular (Abraham et al. 1996; Conselice et al. 2005 ) and clumpy (Elmegreen et al. 2004 ; see review in Shapley 2011) as a result of an increased frequency of mergers in the denser universe (Kartaltepe et al. 2012; Puech et al. 2012; Kaviraj et al. 2013; McLure et al. 2013) , and because of higher gas fractions (Tacconi et al. 2013; Bothwell et al. 2013 ) and velocity dispersions (Law et al. 2009; Förster Schreiber et al. 2009; Newman et al. 2013 ) that lead to more violent gravitational instabilities (Elmegreen & Elmegreen 2005; Bournaud et al. 2007; Genzel et al. 2008; Ceverino et al. 2010; Wisnioski et al. 2011) . Over time, mergers become less frequent, and an increasing stellar mass fraction gives a galaxy more stability, with density waves in the stars replacing violent clump formation in the gas (Cacciato et al. 2012 ).
Local galaxies with relatively large star-forming complexes are nearby analogs of high redshift clumpy galaxies that allow a comparison of large-scale star forming regions over time. For example, local dwarf irregulars resemble high redshift galaxies with respect to gas fraction, relative clump size, and relative thickness (Elmegreen et al. 2009a) . Local tadpole galaxies , which include the sub-class iI,c (Noeske et al. 2000) of Blue Compact Dwarfs (BCDs, see also Gil de Paz, Madore, & Pevunova 2003; Kniazev et al. 2001 ) and a high fraction of extremely metal-poor BCDs (Papaderos et al. 2008; Morales-Luis et al. 2011) , resemble high redshift tadpoles, which account for 10% of large galaxies in the Hubble Ultra Deep Field . Tadpoles contain one giant clump of stellar mass M * ∼ 10 7 M ) with a tail to the side. The clumps in several local tadpoles have lower metallicities than the rest of the galaxy, suggestive of accretion (Sánchez Almeida et al. 2013) . Similar localized metallicity drops are observed in M * ∼ 10 10 M star-forming galaxies at high redshift (e.g., Cresci et al. 2010; Queyrel et al. 2012) . Some BCDs suggest active accretion as well, considering the irregular and sometimes non-rotating pools of HI gas that surround them (Brinks & Klein 1988; Taylor et al. 1996; Thuan & Izotov 1997; van Zee et al. 1998a,b; Putman et al. 1998; Wilcots & Miller 1998; Pustilnik et al. 2001; Hoffman et al. 2003) , Luminous Blue Compact Galaxies are another type of local analog that are small, clumpy and irregular with high gas fractions ( 10%) and distorted kinematics (Garland et al. 2007 ). They are locally rare, possibly interacting (Garland et al. 2004) , and like intermediate-redshift (z ∼ 0.5) blue compact galaxies (Hoyos et al. 2007) , they may evolve into dwarf ellipticals or low-mass irregulars with dynamical masses of 10 10 − 10 11 M .
Other local analogs of high redshift galaxies have higher masses than BCDs or Luminous Blue Compact Galaxies. Casini & Heidmann (1976) studied the massive clumpy irregular galaxies Markarian 7, 8, 296, and 325 , in a survey of Markarian galaxy pairs. With considerable foresight, they suggested that the clumps could be galaxy fragments and that the galaxies might settle down to normal Hubble types over time. Heidmann (1987) summarized this rare type of galaxy noting that the clumps have 100 times the luminosity of 30 Doradus (Benvenuti et al. 1982) and ∼ 10 8 M of ionized gas; Mrk 325 has x-ray emission equivalent to 10 4 supernovae remnants. In Mrk 296, there are several large clumps along a jagged line, making it look like a crooked chain galaxy; the share of the total stellar mass in each clump is ∼ 10 8 M (Casini, et al. 1979) . Three other massive clumpy galaxies were subsequently studied from the Kiso Ultraviolet Galaxy survey by Maehara et al. (1988) : 1618+378, 1624+404, 1626+413, to which a fourth was added, Mrk 297. In terms of clump mass, these galaxies resemble high-redshift clumpy galaxies. Maehara et al. (1988) state that they are ∼ 10 times brighter and ∼ 3 times larger than classic irregulars, and the most distant ones are at 120 Mpc.
Local Ultraviolet Luminous Galaxies also resemble star-forming galaxies at z > 1 ( Heckman et al. 2005) . The most compact of these are brighter in the UV than local BCDs, having M * ∼ 10 10 M , and resemble Lyman Break Galaxies in luminosity, mass, metallicity and star formation rate (Hoopes et al. 2007 ). Lyman Break Analogs like this also compare well morphologically to clumpy high redshift galaxies (Overzier et al. 2008 (Overzier et al. , 2009 (Overzier et al. , 2010 . Similar studies by Hibbard & Vacca (1997) , Barden et al. (2008) , Petty et al. (2009) and others show significant loss of faint, small, and peripheral structures in local starburst galaxies when viewed as if they were at high redshift, so that only the most clumpy and irregular of the nearby systems, many of which are interacting, resemble young galaxies. Petty et al. (2009) suggest that Mrk 8, studied also by Casini & Heidmann (1976) , NGC 3079, and NGC 7673 resemble clumpy star-forming galaxies in the z = 1.5 to 4 range.
Here we study low-redshift clumpy galaxies from the Kiso Survey for Ultraviolet-Excess Galaxies (Miyauchi-Isobe, Maehara, & Nakajima 2010) . This is a survey of ∼ 10 4 galaxies brighter than 18th magnitude (photographic) covering 7000 square degrees made with the Kiso Schmidt telescope. The survey classified uv-bright galaxies according to various morphologies using the Palomar Observatory Sky Survey and the Sloan Digital Sky Survey (SDSS; Stoughton et al. 2002) . We are interested in classification type Ic, which has large blue clumps, and type Ig, which has a single large clump. The survey contains 176 Ic and 83 Ig galaxies, of which 158 of the 259 total are in the SDSS. Many of these 158 galaxies are spirals with one or more bright star-forming regions. Others are irregulars or possible interactions; 95 have SDSS-DR7 spectra (Abazajian et al. 2009) . A sample of 36 of those with spectra were chosen for the present study, based on their low inclination, relative isolation, and clumpiness.
In Section 2, we measure the magnitudes in five SDSS filters of each prominent clump in the Kiso sample and determine the masses, ages and extinctions in these clumps from population synthesis models. In Section 3, we also determine the galaxy star formation rates from the SDSS single-fiber spectra. The Kiso clumps are compared with star-forming clumps in 20 representative local spiral galaxies covering a range of Hubble types and arm classes. These results are then compared with the properties of clumps in high-redshift clumpy galaxies of the "clump-cluster" type (Elmegreen et al. 2005b) . Radial light profiles are also compared in the different galaxy samples in Section 4. A discussion is in Section 5, and conclusions are in Section 6.
Star-forming Clumps

Photometry and Modeling
Archival images of 36 clumpy UV-bright galaxies in the Kiso survey were obtained in u, g, r, i, z filters from the SDSS survey website (www.sdss.org), as listed in Table 1 and shown in Figures 1-3 . The Kiso Ultraviolet Galaxy (KUG) numbers in Table 1 come from the Kiso2000 catalog (Miyauchi-Isobe, Maehara, & Nakajima 2010); we also give the Kiso number, which is the catalog entry number minus 1. Although the galaxies in this sample were selected because of their bright star-forming clumps, there are many distinct morphologies. Some, like Kiso 8491, are dominated by many large blue clumps in an irregular pattern. Others, like Kiso 5886, have regular spiral arms with big clumps in the arms. Kiso 2205 and 6971 are irregularly shaped with long streamers; Kiso 5979 has a long arm that looks tidal in origin; Kiso 7186, 7256, and 7878 have off-center bulges; Kiso 5324 and 7914 show central bars, and 7186 has an offset bar. Kiso 4170 is totally irregular. Most of the Kiso galaxies studied here have a red central region that is displaced from the center of the outer isophotes. These features are noted in the table, along with the Kiso Ic or Ig type, the distance in Mpc from the NASA/IPAC Extragalactic Database (NED), and the absolute blue magnitude (from NED).
The primary selection criterion for the measured galaxies, aside from the requirement of a low inclination for visibility of the disks and a relative isolation to remove obvious mergers, was the presence of large star-forming complexes. Examination of the images shows many other odd features, however, as detailed in the previous paragraph. The few with off-center bulges or bars are interesting because these asymmetries suggest a short-lived phase or an unusual dynamical process, either of which may lead to heightened gas turbulence. General disk irregularities suggestive of pervasive and massive gravitational instabilities may also lead to heightened turbulence. Such turbulence should increase the Jeans length in the disk, making the largest star-forming complexes larger than normal. We discuss the Jeans length and mass more in section 2.2.1, where we use the observed clump properties to suggest an increase in turbulent speed.
A representative sample of 20 nearby spirals in SDSS was selected from our previous study of arm properties (Elmegreen et al. 2011 ) based on infrared images from the Spitzer Survey of Stellar Structure in Galaxies, S 4 G (Sheth 2010). These galaxies are listed in Table  2 along with their Hubble type (from NED), Arm Class (Elmegreen & Elmegreen 1987) , and absolute blue magnitude (from NED). They were chosen to cover the same range of absolute B-band magnitude as the Kiso galaxies, but were not matched to star formation rate or selected for any particular morphology. They span Hubble types Sb through Sm and include flocculent, multiple arm, and grand design spirals. They are a good comparison sample for examining star-forming complexes since the Kiso galaxies are intensely starbursting and these spirals are not.
Photometric measurements on sky-subtracted and aligned images for both the Kiso galaxies and the local spirals were done with IRAF (Image Reduction and Analysis Facility) to determine the masses, ages, and extinctions of the clumps. The largest clumps were identified by eye on g-band SDSS images, and their magnitudes were measured with circular apertures in the apphot task, which subtracts the local background from an annulus surrounding the aperture. The masses, surface densities, ages, and extinctions of the clumps were estimated from this photometry by fitting the data to models in Bruzual & Charlot (2003) that assume a Chabrier IMF and solar metallicity (models with 0.4 times the solar metallicity had negligible differences compared to the clump-to-clump scatter). The model colors were obtained by integration over the low resolution spectra in Bruzual & Charlot (2003) , weighted by the Gunn filter functions (i.e., SDSS filters). We assume a constant star formation rate back to some starting time, which is considered to be the region age. A range of extinctions was used for the models, following the wavelength dependencies in Calzetti et al. (2000) and Leitherer et al. (2002) .
The average observed colors of all the Kiso clumps, averaged over the three apertures described below, were < u−g >= 0.67±0.63, < g−r >= 0.22±0.30, < r−i >= −0.08±0.37, and < i − z >= −0.04 ± 0.58. For the SDSS clumps, the average colors were 0.39 ± 0.54, 0.18 ± 0.33, −0.20 ± 0.41, and 0.06 ± 0.43, respectively.
The final values for mass, age, and extinction were determined from weighted averages of trial models using a weighting function e −0.5 χ 2 for χ 2 equal to the quadratic sum of the differences between the model and observed colors, normalized to the dispersions for each color, and for = 0.01. The factor makes the weighting function smooth considering the fact that there are many systematic uncertainties in addition to the statistical uncertainty of noise in the measured colors. The weighted averages were done only for the models with the lowest rms deviations from the observations, as determined by binning the rms deviations in intervals of 0.02. The average number of models that enter into each best-fit result is 160 ± 130. The sum of the squares of the differences between the four observed colors and the model colors has an rms of 0.05 ± 0.06.
Once the best-fit age and extinction are determined, the clump mass follows from the observed g magnitude in comparison to the model. The surface densities of star formation in the clumps are then calculated from the ratios of the masses to the projected areas that are used to measure the magnitudes. The telescope resolution determines a lower limit to the measurable size of a clump and the true sizes are smaller than the measured sizes. Using stars in several SDSS fields near our galaxies to determine instrumental resolution, we measured an average stellar Gaussian sigma value of about 1.2 px, depending slightly on passband. For an aperture size of 3 pixels, the intrinsic source size would be approximately 2.7 pixels if we subtract the resolution in quadrature. The intrinsic area would be smaller by 16%. Instrumental resolution does not affect the clump luminosity by a significant amount, so the primary effect of this correction is to increase the derived surface densities by an average factor of 1.16. In the plotted surface densities, we do not include this increase because it is a small effect compared to the other uncertainties, but in the determination of turbulent speed from the surface density, we make this correction, as discussed in Section 2.2.1.
For comparison with the Kiso clumps, clump properties in 30 clumpy galaxies (Table  3) in the Hubble UDF field, selected from Elmegreen et al. (2005b) , were determined from Advanced Camera for Surveys (ACS) measurements in B 435 , V 606 , i 775 , and z 850 bands using the IRAF task imstat, which defines a rectangle around the clump and measures the total light inside the rectangle. The interclump background was measured from relatively clear regions nearby and subtracted from the clump light. The same clump and interclump rectangle was used for all passbands. The task apphot is not good for highly clumpy galaxies because the background annulus may contain parts of other clumps. Still, a comparison of the color measurements using imstat and apphot for 2 UDF galaxies showed an average difference of only 0.01, 0.03, and 0.07 magnitudes for B − V , V − i, and i − z, respectively.
The 30 UDF galaxies were chosen from our catalog (Elmegreen et al. 2005b ) of 178 "clump clusters" -so named before their kinematics (Förster-Schreiber et al. 2006; Weiner et al. 2006; Genzel et al. 2006 ) showed them to be whole galaxies of an extremely clumpy type not commonly observed in the local universe. We avoided the more amorphous types and picked those with distinct clumps, fairly large in angle, not obviously interacting, and not highly inclined. They span the same range of restframe absolute B-band magnitude as the Kiso clumpy and local spiral galaxies.
The clump properties for UDF galaxies were determined following the same procedure as for the Kiso galaxies but with redshift corrections and corrections for intervening HI (Madau 1995) . The redshifts were photometric and taken from Rafelski et al. (2009) . Because highredshift galaxies have slightly lower metallicities for the same luminosity as local galaxies (e.g., Mannucci et al. 2009 ), we assumed a metallicity of 0.4 solar in the Bruzual & Charlot (2003) tabulations.
As for the Kiso galaxies, telescope resolution limitations imply that the intrinsic source size is smaller than the measured size. We measured an average Gaussian sigma for stars in the ACS UDF field to be 3.14 px. The average imstat area for the UDF clumps is 34.5 square pixels, and the average deconvolved area is 24.6 square pixels. Thus the intrinsic clump areas are on average 1.4 times smaller than the measured areas. This increases the derived surface densities by the same factor. This factor is included in the determination of turbulent speeds below.
To compare star formation with global properties, we determined absolute restframe B-band integrated galaxy magnitudes by interpolating the ACS filters. Restframe B-band magnitudes were determined for the Kiso and local spiral galaxy samples by interpolation and conversion in the SDSS filters.
We do not discuss individual clump ages below, but note that for Kiso clumps, the average log-age (in years) is 7.1 ± 1.3 for each aperture size, and for the SDSS galaxy clumps, it is 6.8±1.2 for each aperture size. For all of the non-bulge UDF clumps, the average log-age is 7.8 ± 0.8. Therefore, all of the clumps have similar ages within the dispersions. They are significantly younger than a Gyr and typically range between 10 Myrs for local galaxies and 100 Myrs for UDF galaxies.
We also do not discuss individual extinctions below. The average fitted extinction for all of the measured clumps in the Kiso galaxies is 1.6±0.5 mag in V-band; for the SDSS galaxies it is 1.5 ± 0.6 mag, and for the UDF galaxies it is 2.3 ± 2.0 mag. The extinctions for UDF galaxies are fairly inaccurate without observer-frame red measurements, but we cannot use the HST in JHK bands because the angular resolution is too low to resolve any but the most massive clumps (it is 3 times worse than the ACS resolution in optical bands). The masses and surface densities discussed below have been corrected for the extinction determined by each fit.
The derived extinctions may appear to be small for massive star-forming regions, but the pressures from young stars should drive gas and dust away from the line of sight, as it does in local starbursts (Maiz-Apellaniz et al. 1998) . Our extinctions are comparable to those of super star clusters in the center of M82, which is the prototype of a highly extincted nearby starburst galaxy. The internal extinction for 200 SSCs in the center of M82 ranges from 1.5 to 6 magnitudes in V band (Melo et al. 2005 ). The average extinction over big sections of typical galaxies is smaller than this. We computed the effective mean extinction in the central regions of the Kiso galaxies from the Balmer decrements in the SDSS fiber spectra (3 diameter) using the formula A V = 8 log(Hα/(2.86Hβ) (Dominguez et al. 2013) . The average for all of the Kiso galaxies in our survey is A V = 0.55 ± 0.45 mag. The largest extinction of A V = 1.7 mag corresponds to Kiso 8708. Large-scale effective mean extinctions in spiral galaxies depend on mass but are also on the order of A V = 1 mag (e.g., Garn & Best 2010) . These large-scale effective mean extinctions are smaller than the extinctions to star forming regions because the large scale dust distribution varies across a large region and the proportion of light coming from lower-than-average extinctions outweighs the proportion coming from higher-than-average extinctions (Fischera et al. 2003) .
Clump results
Mass, Surface Density, and the Jeans' Relations
Figure 4 shows in the bottom three panels the non-bulge clump masses plotted versus the absolute B-band magnitudes of the whole galaxies in all three samples. In the top panels, the projected surface densities are shown. The lines in each panel show the linear fits to the data (on these log-log plots). The fit to the UDF galaxies, shown as a dotted line in the left panels, is reproduced in the center panel for comparison with the Kiso galaxies. Similarly, the fit to the local galaxies, a dashed line in the right-hand panels, is again in the center panels. The solid line is the fit to the Kiso galaxies. These fits are for clump mass m clump and surface density Σ clump , log m clump = 3.64−0.18M B (UDF); −3.57−0.54M B (Kiso); −3.05−0.41M B (Normal) (1)
The UDF galaxies reach brighter absolute restframe B magnitudes than the Kiso galaxies, and the most massive UDF clumps are more massive than the most massive Kiso galaxy clumps. Also at low luminosity, the UDF clumps are more massive than most of the Kiso clumps in galaxies of the same luminosity. However, the most luminous Kiso galaxies have clumps that are comparable in mass and column density to clumps in UDF galaxies at the same luminosity. In this respect, the most luminous Kiso galaxies are comparable to UDF clumpy galaxies of the same luminosity. Note that both types have clumps measured in the same way and use the same population synthesis and extinction models.
Normal local galaxies, on the other hand, have clumps that are much lower in mass than the clumps in either the UDF or Kiso galaxies. This is to be expected because the UDF and Kiso galaxies were chosen to be clumpy types, while the local galaxies were not. At a given luminosity, the clumps in the Kiso galaxies are typically 30 to 100 times more massive than the star forming regions in local galaxies.
Uncertainties in the various assumptions that have been made for the population synthesis models of clump properties should not significantly affect the results in Figure 4 . We assumed solar metallicity for the local and Kiso galaxies, and 0.4 times the solar metallicity for the UDF galaxies. These are reasonable assumptions considering the higher star formation rates at the same stellar mass in UDF galaxies (e.g., Mannucci et al. 2010 ), but if the average metallicity of the UDF galaxies were different, then the derived masses could be different too. The effect is small, however. Elmegreen et al. (2009b) showed that a decrease in metallicity from 0.008 to 0.0004 increases the mass and age by only 50% each as a result of a decrease in line-blanketing and bluer intrinsic colors. Uncertainties in extinction affect the age more than the mass. Higher extinction requires bluer and younger stellar regions to give the same color, but these younger regions have higher light-to-mass ratios which offset the greater extinction, giving about the same required mass (Bell & de Jong 2001) . As a result, the mass uncertainties from both extinction and metallicity uncertainties are much less than the differences in mass between the three groups of galaxies in Figure 4. 
The Jeans mass and implications for gas velocity dispersion
If the star-forming clumps in all of these galaxies can be identified with the ambient Jeans mass in the disks, and if this mass varies as σ 4 /Σ for gas velocity dispersion σ and mass column density Σ, then we can use the results in Figure 4 to see how σ and Σ vary from normal galaxies to Kiso clumpy galaxies to UDF clumpy galaxies. First, consider the low luminosity galaxies, M B = −16, where the UDF clumps are more massive than the Kiso clumps by a factor of ∼ 28 according to equation (1), and the UDF clump column densities are higher than the Kiso clump column densities by a factor of ∼ 1.8 according to equation (2). Resolution effects discussed above suggest that the intrinsic UDF clump column densities are higher than the observed by an average factor of 1.4, and the KISO column densities are higher than the intrinsic by a factor of 1.16. Thus the intrinsic column density ratio should be corrected upward by a factor of 1.4/1.16 = 1.2. We therefore take Σ UDF /Σ Kiso = 2.2. Scaling these observed stellar column densities to the Jean gas column densities (which assumes a fixed star formation efficiency), we get a ratio of velocity dispersions from this and from the ratio of the UDF clump mass, m UDF , to the Kiso clump mass, m Kiso ,
Comparing the Kiso clumps to normal galaxy clumps in the same way for M B = −16, we see that m Kiso /m normal ∼ 36 and Σ Kiso /Σ normal ∼ 1.4 for the resolution-corrected Σ Kiso , in which case σ Kiso /σ normal ∼ 2.7. Thus at low luminosity, the mass column density of star forming material and the resulting star complexes increase by factors of 1.4 and 2.2 going from normal galaxies to Kiso clumpy galaxies to UDF clumpy galaxies, and the gaseous velocity dispersion increases by factors of 2.7 and 2.8 again along this same sequence.
At high luminosity, M B = −20, the UDF and Kiso clump masses and column densities are about the same, m UDF /m Kiso = 1.0, and Σ UDF /Σ Kiso = 1.3 (corrected), so the velocity dispersions also have to be about the same in the Jeans model, σ UDF /σ Kiso = 1.1. There is a big jump in clump properties from normal to Kiso clumpy galaxies, however. Figure 4 and equation (1) suggests that m Kiso /m normal ∼ 120 at M B = −20 and Σ Kiso /Σ normal ∼ 4.0 (corrected Kiso), which means that σ Kiso /σ normal ∼ 4.7. Thus at high luminosity, Σ increases by factors of 4.0 and 1.3 going from normal to Kiso clumpy to UDF clumpy, while σ increases by factors of 4.7 and 1.1 in this sequence.
According to this scenario, the velocity dispersion in Kiso galaxies is higher than in normal galaxies by factors ranging from 2.7 to 4.7, with the most luminous Kiso galaxies having the highest excess dispersions. The column densities in Kiso galaxies are higher than in normal galaxies by factors ranging from 1.4 to 4.0, with the higher excess again in the most luminous Kiso galaxies. The column densities and velocity dispersions are higher still in UDF galaxies compared to normal galaxies, as already known (see review in Shapley 2011). Thus the clumpy Kiso galaxies are intermediate between normal galaxies and UDF clumpy galaxies at low luminosity, and they are similar in clump properties to UDF galaxies at high luminosity. Figure 5 shows the clump masses as functions of their physical sizes for all three galaxy types. The UDF clumps are shown on the left and repeated as red plus signs in the middle and right hand panels for comparison to the Kiso and normal galaxy clumps. As noted in the figure caption, the Kiso and normal galaxy clumps were measured with three different angular radii, so the masses are shown for each size as connected lines. The sizes, given in kpc, are proportional to the galaxy distances. The average slope of all the lines is shown as a dashed green line in the middle and right hand panels. These slopes are 1.36 and 0.87 for Kiso and normal galaxies, respectively.
Mass and Size
The trend of increasing mass with clump size is not the result of background emission because the average background has been removed by the IRAF routine apphot. It is the result of tapered light profiles in the clumps. The average surface density decreases by a factor of ∼ 2 from the minimum to the maximum clump size in each survey, considering the scaling of mass with size.
The UDF clumps are all fairly large, > 0.5 kpc, partly as a result of limited spatial resolution at intermediate redshifts. Similarly large clumps are in the Kiso galaxies, although their masses are slightly lower for a given size (consistent with the lower Σ for Kiso clumps, as discussed above). In addition, the largest Kiso clumps have the same mass as the largest UDF clumps, although the sizes of these largest Kiso clumps are larger than the sizes of the largest UDF clumps (the Σ difference again).
Star-forming complexes in normal galaxies tend to be smaller than the largest clumps in either UDF clumpy galaxies or Kiso clumpy galaxies, but where they overlap in size, the clumps in normal galaxies are less massive than clumps of the same size in UDF galaxies (again this is the Σ difference discussed above).
Clump size in the Jeans model scales with σ 2 /Σ. If at high luminosity, Σ is in the sequence 1:4.0:5.1 for normal:Kiso:UDF galaxies and σ is in the sequence 1:4.7:5.0, as derived above, then size is in the sequence 1:5.5:4.9, which is about what Figure 5 shows, i.e., both Kiso and UDF galaxies have physically larger clumps than normal galaxies, by a factor of 3-10. At low luminosity, for the above sequences of Σ (1:1.4:3.0) and σ (1:2.7:7.4), the Jeans size increases in the sequence 1:5.2:18.4 from normal to Kiso to UDF galaxies.
Star Formation Rates
The average star formation rates were determined for each clump in all three samples by taking the ratio of clump mass to age. In addition, the current star formation rates for Kiso galaxies were determined from the Hα equivalent widths in the SDSS fiber spectra. These spectra have a resolution of ∼ 150 km s −1 at Hα and an angular size of 3 (0.16 to 3 kpc for our distances), centered on the galaxy. The Hα fluxes for the full galaxies were estimated from the Hα equivalent widths in the fiber multiplied by the r-band luminosities of the galaxies. This procedure assumes that the full galaxy is forming stars at the rate of the central 3 arcsec. The corresponding star formation rates were inferred from the total Hα fluxes using the conversion in Kennicutt (1998) . Figure 6 shows the star formation rates for the three types of galaxies studied here. The rates determined from the ratios of mass to age are the dots. The rates determined for the Kiso galaxies from the Hα equivalent widths in the central 3 extrapolated to the whole galaxy are the red squares in the center panel. The lines show the linear fits (for these log-log plots), with the fits for UDF and normal galaxies repeated in the central panel for comparison, as in Figure 4 . The similarity for Kiso galaxies between the star formation rates in individual clumps and the extrapolated whole galaxy rates suggest that the measurements in the central 3 fibers are not representative of the most active clumpy regions, which are often at the outskirts.
The star formation rates in UDF and Kiso clumps are about the same for a given restframe absolute B magnitude. The rates are systematically lower in the normal galaxies by a factor of 10 to 30. This lower rate for normal galaxy clumps reflects the lower masses of the clumps.
Comparison with other studies
The trends in Figure 4 and in the above discussion are consistent with those in Wisnioski et al. (2012) in the sense that larger clumps in both radius and mass also have higher velocity dispersions, with a smooth trend going from local star-forming regions to those at z ∼ 1 − 2. Wisnioski et al. (2012) measured velocity dispersions from Hα emission in HII regions, while our dispersions are assumed to represent neutral gas before gravitational instabilities make clumps. The high-redshift clumps in Wisnioski et al. (2012) have sizes that are larger than ours by a factor of ∼ 2, and dispersions of 50 − 150 km s −1 , increasing with size to the power 0.42. Our UDF clumps have dispersions ∼ 5 times larger than clumps in local galaxies, which converts to ∼ 50 − 75 km s −1 . Thus the upper range for our dispersions is comparable to the lower range for the Wisnioski et al. (2012) dispersions. This difference is not unreasonable considering our lower clump sizes and the different phases of interstellar gas used for the probes.
Also for Wisnioski et al. (2012) , the galaxies with clump sizes and masses between those of normal local galaxies and high redshift clumpy galaxies were major mergers (from Monreal Ibero et al. 2007 ). In the present paper, they are Kiso types Ic and Ig, chosen to be unlike mergers by their lack of obvious tidal features or peripheral asymmetries. Still, the Kiso galaxies apparently have high gas velocity dispersions, perhaps related to the generally asymmetric positions of their inner red bulges and disks ( Fig. 1-3 ).
The clumps in five z ∼ 2 galaxies studied by Genzel et al. (2011) are more massive than those here because they choose regions that are bright enough to give spectra. Their galaxies are generally brighter and more massive too: the galactic restframe V-band AB magnitudes in their study averaged ∼ −23 (Förster Schreiber et al. 2009 ) compared to our brightest B-band AB magnitude of ∼ −20 in the region of overlap with the Kiso sample.
Radial Profiles
The Kiso galaxies in our sample have approximately exponential light profiles. Figure  7 shows ellipse-fit average radial profiles for the Kiso galaxies. The number of scale lengths in the Kiso exponentials are given in the figure next to each Kiso name. Some of the Kiso galaxies have a change of slope partway out in their disks, indicating a double exponential. In most cases, these galaxies have off-center bulges, so the exponential profile is normal until the radius of the limit of symmetry is reached, and then the slope changes beyond (see, e.g., Kiso 7186).
The major axis intensity profiles of Kiso galaxies are slightly more irregular than the azimuthally averaged radial profiles because of the clumps, but the underlying disks in Kiso galaxies are still exponential. Figure 8 shows these major axis profiles. Some galaxies have clumps in the g-band that are as prominent as the bulges (e.g., Kiso 4291, 4876, 5506, 5886, 5979, 6630, 8116) .
Figures 9 and 10 show the average radial profiles from ellipse fits and major axis profiles, respectively, for the UDF galaxies studied here. The strips used for the major axis scans are indicated on images of the galaxies in Figures 11 and 12 . The profiles were corrected for surface brightness dimming by multiplying each intensity by (1 + z) 4 for corresponding redshift z. They were not put in a common restframe wavelength, however, because unlike the total galaxy magnitudes, the high-resolution images of UDF galaxies have only optical coverage in the ACS bands. Thus there is an unavoidable shift toward shorter wavelength restframes with increasing redshift.
The average radial profiles of the UDF galaxies are roughly exponential (the number of scale lengths is given in parenthesis), although the major axis strips are usually irregular because of the clumps (and especially so because the restframe wavelengths tend to be blue or UV). Many UDF galaxies are ring-like (Elmegreen et al. 2009b ) and their centers are hard to define for the average profiles, but if the galaxies have bulge-like clumps near their centers then the average light profiles away from these clumps are somewhat exponential. The average radial positions of the clump centers are also exponential on average for the clumpy UDF galaxies, as found in an earlier study (Elmegreen et al. 2005b ).
Figures 13 to 15 show three normal spirals, a grand design (NGC 5248), multiple arm (NGC 3344) and a flocculent (NGC 5055), for comparison. Figure 13 has SDSS sky images with the same color scheme as in Figures 1 -3 , Figure 14 shows the ellipse fit radial profiles on the left and major axis scans on the right, and Figure 15 shows the scan directions for the major axis profiles. The normal galaxies differ from the Kiso and UDF galaxies because the normals have a more prominent bulge and a smoother radial profile than the other types (the sharp peaks in the ellipse fits for NGC 3344 and NGC 5248 are foreground stars). This smoothness is consistent with the previous result that the non-bulge clumps in normal galaxies are smaller than those in Kiso and UDF galaxies.
Discussion
We find that the brightest Kiso galaxies have giant non-bulge clumps that are similar in mass and surface density to the non-bulge clumps in high-redshift clumpy galaxies of the same absolute restframe B magnitude. The local normal galaxies have much smaller clumps than either of these. This trend in clump mass and surface density is consistent with a steady decrease over time in average gas surface density and turbulent speed in disk galaxies, leading to a corresponding decrease in the Jeans mass.
The high mass clumps in the Kiso galaxies are often in spiral arms, but analogous arms cannot be seen in the clumpy UDF galaxies. Part of the difference in UDF structure could be from the lack of sufficiently deep, high resolution restframe V-band or redder observations, where local galaxies show spiral structure in the old disk stars. However, the restframe uv sampled in the clumpy UDF galaxies does not show spiral features either, whereas GALEX uv images of local galaxies do show spiral arms, even if only in the alignment of clumps. In addition, clumpy galaxies without spirals were found in lower-redshift surveys too (Elmegreen et al. 2009b) , and their restframe B or V-band images have sufficiently high resolution and depth in the ACS camera to have shown spirals if they were present.
Kiso galaxies are also midway between UDF and normal galaxies with respect to the average radial disk profiles. While all three types have roughly exponential profiles for azimuthally-averaged light when measured with increasing distance from the brightest clumps or bulge-like centers, UDF galaxies viewed in restframe blue or uv light have the most irregularity in these profiles, with Kiso galaxies next. Even more extreme are major axis intensity scans, which are highly irregular in the UDF clumpy galaxies and still irregular but less so in the Kiso galaxies. Galaxy evolution is characterized by the simultaneous build up of an old stellar disk and the loss of giant star-forming clumps. Such clumps are still possible in the local universe in exceptional circumstances, presumably when the gas becomes highly turbulent. The giant clumps in the Kiso galaxies, for example, are mostly in spiral arms, where even local galaxies have somewhat massive clumps, whereas high redshift clumpy galaxies do not have spirals. The source of the presumed high turbulence in clumpy Kiso galaxies could be related the overall disk asymmetry.
Conclusions
Star forming complexes and radial disk profiles were studied in three samples of clumpy irregular galaxies, one at high redshift using the Hubble UDF, and two at low redshift using UV-bright Kiso galaxies and normal spirals. The brightest Kiso galaxies have clump masses and surface densities comparable to those at high redshift for the same absolute restframe B-band magnitude. These two types also have irregular radial profiles because of the clumps, although the UDF galaxies are more irregular. Normal local spirals have smoother profiles and clumps that are lower in mass by a factor of ∼ 100. Clump ages in the Kiso and local spiral galaxies are on the order of 10 Myr, with slightly older ages for the UDF clumps.
If the clumps have masses comparable to the local Jeans' mass, then this mass is related to the clump surface density and velocity dispersion. Using this relation, we determine that the interstellar velocity dispersion increases from local spirals to Kiso clumpies to UDF clumpies in the proportion 1 to 4.7 to 5.0 for the most luminous galaxies in our sample, and in the proportion 1 to 2.7 to 7.4 for the least luminous, again for a given restframe absolute magnitude. The surface densities also increase along this sequence from 1 to 4.0 to 5.1 for the most luminous, and 1 to 1.4 to 3.0 for the least. We therefore predict that many of the clumpy Kiso types Ic and Ig will have elevated velocity dispersions and gas surface densities compared to local spiral galaxies. Considering both their clump properties and the radial profiles, Kiso galaxies are intermediate between highly clumpy UDF galaxies and local spirals.
Kiso galaxies are massive disk galaxies like local spirals, based on their absolute magnitudes, but they contain bigger and denser clumps than the spirals, and this makes them resemble young galaxies in the UDF. There is no reason to think that clumpy Kiso galaxies are young, so this morphological property can evidently be triggered in the modern universe by increasing the surface density and velocity dispersion in a galaxy. Such increases might result from a near encounter with another galaxy of comparable mass, or from other types of torquing, which stir the disk and lead to accretion. We note that most of the Kiso galaxies in our survey have bulges that are slightly offset from the center, and this asymmetry may drive turbulence and disk inflow also. The clump masses are shown as functions of the clump sizes (diameters) for the three galaxy types. For Kiso and normal galaxies, the clumps were measured at three different radii: 2, 3, and 5 pixels for Kiso galaxies, and 3, 5, and 9 pixels for normal spiral galaxies. The lines in each figure connect these three measurements for each clump; the green dashed lines show the average slopes of mass versus size (1.36 for Kiso galaxies and 0.87 for local galaxies). The UDF mass-size distribution is shown in the center and right panels as a collection of red plus-marks for comparison. The red squares in the central panel are star formation rates for the whole Kiso galaxies determined from the product of the Hα equivalent width in the SDSS fiber and the SDSS r-band luminosity of the galaxy. Fig. 7. -The radial profiles of azimuthally-averaged light in g-band are shown for all Kiso galaxies studied here. The profiles are approximately exponential but there are sometimes large local excesses at the radii of the clumps. The Kiso numbers are indicated with the number of exponential scale lengths in the whole profile given in parentheses. The vertical axis ticmarks are separated by 2 magnitudes per square arcsec of surface brightness. Each scan has a different vertical shift in this plot. The ticmarks on the left in each panel indicate a surface brightness of 18 mag arcsec −2 for the corresponding scan, which usually comes close to touching it. The numerical labels at the top left correspond to the surface brightness scale of the top profile, i.e., for Kiso 2205. −2 for the corresponding scan, which has the same color. Sometimes the scans are shifted up and down slightly so they do not overlap. The numerical labels at the top left correspond to the surface brightness scale of the top profile, i.e., for Kiso 2205. Fig. 9 .-The radial profiles of azimuthally-averaged light in HST i 775 -band are shown for all UDF galaxies studied here. The profiles are sometimes exponential but there are usually large local excesses at the radii of the clumps. The UDF numbers are indicated with the number of exponential scale lengths in the whole profile given in parentheses. The vertical axis ticmarks are separated by 2 magnitudes per square arcsec of surface brightness. Each scan has a different vertical shift. The ticmarks on the left in each panel indicate a surface brightness of 18 mag arcsec −2 for the corresponding scan, which has the same color and usually comes close to touching it. Sometimes the scans are shifted up and down slightly so they do not overlap. The numerical labels at the top left correspond to the surface brightness scale of the top profile, i.e., for UDF 533. For the determination of the number of scale lengths indicated in parentheses, we ignored the rapidly changing inner parts in galaxies 5827 and 7905, and the rapidly changing outer parts in 5107 and 6396. The scans have been corrected for surface brightness dimming but not interpolated to a common restframe wavelength. −2 for the corresponding scan, which has the same color. Sometimes the scans are shifted up and down slightly from a more regular positioning so that they do not overlap. The numerical labels at the top left correspond to the surface brightness scale of the top profile, i.e., for UDF 533. The scans have been corrected for surface brightness dimming but not interpolated to a common restframe wavelength. Fig. 13 .-SDSS images in g, r, and i passbands of three local galaxies that were used to compare the radial profiles with those of clumpy Kiso and UDF galaxies.
Fig. 14.-Ellipse-fit radial profiles (left) and major axis scans (right) for 3 local spiral galaxies, in g-band. Each profile is shifted vertically in this plot for clarity, with the y-axis numbers corresponding to the top profile. The horizontal marks at negative radii are at surface brightnesses of 18 mag arcsec −1 on the left, and 26 mag arcsec −1 on the right. The major axis profiles are centered on the midpoints of the scans, not the galaxy centers. 
